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ABSTRACT

This paper studies total factor productivity (TFP) in Thai agriculture to provide better empirical
evidence on the TFP measure and the factors influencing it. It employs time-series data at an
aggregate level over the period 1970-2006 for both crops and livestock, individually, using the
conventional growth accounting framework. The TFP measures are then used to investigate their
determinants using the error correction modeling technique. The results confirm the general
expectation from previous studies that TFP makes an important contribution to output growth and
that agricultural research plays an important role in determining TFP in both the crop and
livestock sectors.
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Introduction

It has long been recognized that agricultural growth is important for overall economic
development (Johnston and Mellor, 1961). In developing countries, where the majority of
poor people lives in rural areas and depends directly or indirectly on agriculture for their
livelihood, sustaining agricultural growth is of critical importance. The diminishing returns
on factor inputs, declining arable land, water supplies and natural resources, concern
over climate change and environmental degradation and high fuel and fertilizer prices
continue to pose challenges for agriculture.

In the Thailand context, agriculture plays a crucial role in contributing to overall economic
growth using fewer resources. Thai agriculture is well-known as a major producer of
world agricultural exports, thereby being an important source of export earning and rural
income. Sustaining agricultural growth is thus important for maintaining export
competitiveness and improving the living standards of the majority of poor people residing
in rural areas and directly involved in agricultural production (Warr, 2004).

Total factor productivity (TFP) has been shown to contribute significantly to output growth
in the Thai agricultural sector and its contribution was substantially greater than in the
non-agricultural sectors (Tinakorn and Sussangkarn, 1996, Chandrachai et al., 2004;
Warr, 2006). However, there is limited empirical evidence as to what determines the
relatively high growth rate of TFP in Thai agriculture. The majority of previous studies
focus on the determinants of TFP in the overall economy (Tinakorn and Sussangkarn,
1996, 1998; Chandrachai et al., 2004). They only investigate factors affecting TFP
expressed in growth-rate terms, ignoring level or long-term information and often
impose arbitrary restrictive forms of lags.

Moreover, there has been a slowdown in TFP growth in recent years. Refocusing
attention on what determines TFP in Thai agriculture is thus important for understanding
and sustaining long-term agricultural growth and thereby maintaining its contribution to
overall economic growth.
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This study measures TFP in Thai agriculture and examines the factors influencing it. It
employs time-series data at an aggregate level, covering the period from 1970 to 2006.
The scope of the study focuses on crop and livestock as these two subsectors

dominate agricultural output.1 The measurement and the investigation of TFP
determinants are undertaken separately for crops and livestock.

Review of TFP Measurement and Determinants

In general, the TFP measurement methods that have been used in empirical productivity
studies can be grouped into two main approaches: conventional or non-frontier methods
and frontier analysis. The first approach assumes outputs are efficiently produced on the
production frontier while the second allows for outputs being produced off the frontier.
The frontier analysis is often applied to cross-sectional or panel data, whereas the
conventional approach is mainly applied to time series macro-productivity data sets.

Both the conventional and frontierethods andta requirements

approaches can be further classifiedda Frontier approach
Nonparametri Parametr Nonparamet Parametr

Principal methods  TFP index/ LS/ GA DEA SFA

Estimation of no yes no yes

specific functional
form and statistical

tests

Data used: ye yes yes yes
Time series ye yes no no
Panel ye yes yes yes

Basic method
requires data on:

Input quantities ye yes yes yes
Output quantities ye yes yes yes
Input prices ye no no no
Output prices ye no no no

Note: * This list applies to production function method only.

Source: adapted from Coelli et al. (2005, p.312); GA = Growth
Accounting, LS = Least Squares, DEA = Data Envelopment
Analysis, SFA = Stochastic Frontier Analysis.

In examining TFP determinants, TFP is generally decomposed into embodied and
disembodied technical change. Embodied technical change is referred to as change that
is captured in factor inputs, such as improved seeds, breeds or a new type of machinery
(Alston et al., 1998). Disembodied technical change is referred to as technological
change that is not embodied in factor inputs but takes place like manna from heaven in
the form of better methods and organization that improve the efficiency of factor inputs
(Chen, 1997), such as more effective production methods that improve input usage.

In the context of agricultural productivity, typical factors that have been found to influence
TFP are public and private agricultural research, extension services, infrastructure
investment, education of farmers and economic policies (Mundluk, 1992; Huffman and
Evenson, 2005). There have been numerous studies investigating the sources of

productivity growth, though their theoretical foundations differ (Aswicahyono, 1998: 24).2
Determining the factors that influence TFP is a matter of empirical study. Explanatory
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variables are often chosen in light of the theory and empirical evidence that guides their
potential connection with productivity.

Analytical Framework

The productivity analysis is based on the concept of the production function (Jorgenson
and Griliches, 1967). For a simple production
function: Q U f (X, Z)

where Q = output

X = conventional inputs - labour, land and capital

Z = unconventional inputs, such as research, extension,

infrastructure, weather, etc.
By definition, TFP is viewed as an index of aggregate output relative to an index of
aggregate conventional input, TFP [Q / X . In other words, TFP is defined as
output per unit of all conventional inputs combined. Accordingly, TFP is measured as
the esidual part of the movement in output left unexplained by major factor inputs

(Solow, 1957; Jorgenson, 1995). 3 To examine factors affecting TFP, the simple
production function implies TFPg(Z ) meaning that TFP is a function of unconventional
inputs. There are several factors captured in the unconventional inputs (Z), which can be
categorized into 3 main groups: 1) pure technical change 2) efficiency gain and 3)
economies of scale (Coelli et al., 2005). The three main categories of productivity change
can be illustrated by Figure 1.

Outpu

Optimal scale

Input

Figure 1. Technical change, efficiency gain and scale economies Source: Coelli et al. (2005: 5-
6)Pure technical change is identified with a shift in a production function. An advance in

technology is depicted by an upward shift in the production function from TP1 to TP2.

Efficiency gain is a movement toward the production function, from point A to the
echnically efficient point B. Economies of scale refer to a movement along the
production function toward the optimal scale at point C where maximum productivity
can be achieved. Factors affecting the deviation from technically efficient point such as
market distortions and real cost reductions can explain efficiency improvement and an
exploitation of scale economies.
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As TFP is viewed as a residual part of output that cannot be explained by the combined
contribution of conventional inputs, its determinants are not confined only to the three main
components depicted in Figure

1. The Handbook of Agricultural Economics (Evenson, 2001) and other productivity
studies (Evenson and Pray, 1991; Alston et al., 1998; Morrison Paul, 1999) have
incorporated other case-specific and natural factors such as weather, environmental
degradation, epidemics and natural disasters.

In sum, there are four main groups of factors that form the basis for examining the
determinants of TFP in this study. These factors are potential candidates for inclusion
in the TFP determinants model, discussed below.

Methodology

This section is divided into three subsections. The first subsection explains the TFP
measurement method used in this study. The second describes the TFP determinants
model and the third describes the estimation method used in the present study.

TFP Measurement

Although there are several approaches for measuring TFP (as shown in Table 1), a
suitable approach depends on the objectives of the study and data availability. Since
this paper aims to examine sources of

agricultural growth at an aggregate level, the growth accounting framework is considered
the most appropriate. The competitive equilibrium conditions which are the underlying
assumptions of the growth accounting approach are reasonable for the case of Thai
agriculture. The agricultural sector is well characterised by a perfectly competitive market
in the sense that there are a large number of farmers who maximise profit (or minimise
cost) and take prices as given. It is generally recognized that Thai farmers are price
takers in input and output markets (Pochanukul, 1992: 168). Compared with other
industries, such as manufacturing and services, the agricultural sector is considered a
suitable case study for applying the growth accounting method. This method is also
widely applied in the previous Thai studies (for example, Tinakorn and Sussangkarn,
1996; Chandrachai et al., 2004; Poapongsakorn, 2006).

Under the growth accounting framework, the discrete-time Tornqvist approximation to the
continuous-time Divisia index is employed. The method implicitly specifies a translog form

of the production function but does not explicitly estimate the function.4 Constant returns

to scale (CRS) is assumed, implying that all factor income shares sum to one.5 It is
national income based growth accounting in the sense that most output and input data
are obtained from the national accounts.

The growth accounting method begins with the basic production function that explains
the relationship between output and input, expressed as follows (Oguchi, 2004):

Qt 0 AtF (Lt, Nt, Kt )(1)

Where
Qt =real output at time t
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Lt = labour quantity at time t Nt = land
quantity at time tKt = capital quantity at
time t

At = level of efficiency at time tResults

TFP measurement: results from the growth accountingmodel

The general finding from the growth accounting analysis is that TFP makes an
important contribution to its own sector's output growth. Over the period 1971-2006,
TFP has generally been the second most important source of output growth in both the
crop and livestock sectors. Specifically, the average annual rate of growth of TFP in the
crop sector is estimated at 0.68, accounting for 20.82 percent of crop output growth.
Similarly, livestock TFP growth is estimated at 0.67 percent, accounting for 17.49
percent of livestock output growth. The patterns of crop and livestock TFP growth are
shown in Figure 2.

TFP Growth in Crops Sector

%
40.00

TFP Growth in Livestock Sector

15.00

10.00

-10.00 -20.00
-15.00 -30.00

-20.00 -40.00

Figure 2. TFP growth in crop and livestock sectors

TFP determinants: results from the error correction models

In general, public agricultural research appears to be the major factor positively
influencing TFP in both the crop and livestock sectors. The positive and significant impact
of public research is consistent with the theory and findings of studies of many countries
(Evenson, 1993, Fuglie, 1999; Ruttan, 2002; Thirtle et al.,, 2003). Other major
determinants of TFP turn out to be different between the crop and livestock models. The
results for crops are shown in the left-hand side and those for livestock are shown in the
right-hand side of Table 5
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Table 5. TFP determinants in crop and livestock sectors

crop
Dependent variable:: InTFPy

livestock
Dependent variable: (1 In TFP

Estimat Long- Estimat Long-
ed run ed run
coefficie elasticit coefficie elasticity
Constant -1.056 Constant 0.386
D (-6.460)*** (2.246)*
1 InR 0.155 L'In Et 0.119
t03 (4.423)%** L1 (1.728)*
f .
Jin B (3%%2)7*** ain Rt (82%)
In RP 0059  0.067 0.128 0.173
t03 (1.876)*  (2.117)* D (2.074)=*  (2.111)**
f 0.092 0.105 | INR -0.089 -0.121
In R (2.955)%*  (3.045)* t (-1.590)  (-1.578)
tol 0.033 0.038 O -0.003 -0.004
(1.977)**  (1.962) 3 (-0.168)  (-0.167)
In Jroads 0.127 0.145 -0.165 -0.224
tol (3.104)*  (3.189)* | INEt U1 (-2.720)* (-
-0.873 f -0.739
pboom (-6.664) In R (5510
INTFPt;
td 34 T 35
8 _ 8
N _ 0.69 pbird 0.50
(observations) 11.31 | 5.93
nTFPt
k (no. of 0.03 i 0.09
parameters
Adjusted R 0.06(p = 0.00 (p =
F-statistic 1.42(p = 1.47 (p =
S.E.of 0.89(p = 1.80 (p=
regression 0.77(p = 0.86 (p =
Diagnostic 0.00(p = 131 (p=
tests: LM(1), -5.79(p = -4.89 (p =

Notes: The level of statistical significance is denoted as: * = 10%, ** =
5% and *** = 1%. All variables are measured in natural logarithms
except the dummy variables.

Long-run elasticities can be computed by dividing the estimated coefficients of the
level terms by the positive value of the coefficient of the lagged dependent variable,
INTFPt1. Short-run elasticities are coefficients of the variables expressed in rate of

change terms, with delta (7)) operator. Note that the insignificant variables were kept in
the livestock model because they increase the explanatory power of overall model in
term of the standard F-test.

Diagnostic tests consist of (numbers in parentheses are p-values of the test statistics):

LM Breush-Godfrey serial correlation LM test;
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RESET Ramsey test for functional form mis-specification;
JBN Jarque-Bera test of normality of residual;
ARCH Engle’s autoregressive conditional heteroskedasticity test;

ADFAugmented Dickey-Fuller test for residual stationarity.

The TFP determinant models in both crop and livestock sector are statistically significant
at the 1% level in terms of the F test. Both equations pass all the standard diagnostic
tests. The choice of dropping or keeping variables in the final models was statistical

acceptance in the joint variable deletion tests against the maintained hypothesis. The
error correction coefficient (INTFPt-1) has the expected negative sign and is statistically
significant at the 1% level. It indicates the speed of adjustment of TFP to exogenous
shocks that cause the system to deviate temporarily from the steady state described by
the long-run coefficients. The coefficients corresponding to INnTFPt-1 are quite large (0.87
and 0.74), implying a very high speed of adjustment to dissipate such shocks. Since all
variables are measured in logarithms, the regression coefficients can be interpreted as
elasticities and the size of the coefficients also indicate the magnitude of their relative
influence. Factors affecting TFP in each sector are discussed below.

Crops: Major factors affecting TFP are crop production research, both public and
foreign, agricultural extension, infrastructure and the commaodity boom. Public agricultural

research (Rp) is statistically significant at the 1% and 5% level in the short run and long
run, respectively. In the short run, an increase in public agricultural research spending
of 1 percent leads to an increase in TFP growth of

0.16 percent. The short-run effects operate with three-year lags. In the long-run, a 1
percent increase in public research spending raises TFP by 0.07 percent. The larger
short-run impact indicates that research produces an initial surge in TFP growth, which
tapers off in the long- run, but does not vanish.

Foreign research spillovers (Rf), measured as the CGIAR spending on IRRI, CIMMYT

and CIAT, have a positive and significant impact on TFP in the long un.8 A 1 percent
increase in foreign research spending results in a steady-state (long-run) increase in TFP
of 0.11 percent.

Agricultural extension (E) affects crop TFP only in the short run. The estimated
coefficients of the change term of E are statistically significant at the 1% level and are
positively signed. However, there is no evidence that extension services significantly
influence TFP in the long run.

Infrastructure as represented by the rural roads variable, and case- specific factors as
represented by the agricultural commodity boom, are shown to have a positive and
significant impact on TFP. This is consistent with the literature and with the general
expectation that infrastructure improves agricultural productivity and that a commodity
boom encourages farmers to grow more crops and use existing input smore intensively
to reap the benefits of a world agricultural price surge, which in turn increased output
and hence productivity. There is no evidence that other potential factors like resource
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reallocation, trade openness or weather condition are statistically significant.

Livestock: Major factors explaining livestock TFP are public agricultural research and
the Avian Influenza outbreak. Public research has a positive and significant impact only
in the long run. The estimated long-run elasticity, statistically significant at the 5% level,
suggests a 1 percent increase in the government research spending leads to a 0.17
percent increase in TFP.

The dummy variable representing the Bird Flu outbreak has a negative impact on TFP,
as expected. Its coefficient is statistically significant at the 1% level. The commodity
boom dummy variable is not significant, confirming that it is not directly relevant for
livestock, as it is in the case of crops. Other variables were tested from various
experimental runs but there is no evidence that they are significant factors.

Conclusions

This study estimates total factor productivity in the Thai crop and livestock sectors using
the conventional growth accounting method. The findings confirm that TFP makes an
important contribution to both crop and livestock output growth over the study period of
1970- 2006. Specifically, TFP accounts for about 21 percent of crop output growth and
for 17 percent of livestock output growth. These TFP growth measures are converted into
a TFP index level and are used as the dependent variables in the subsequent TFP
determinants models.

The error correction modelling technique of Hendry (1995) is employed in examining
factors influencing the measured TFP. The models are estimated separately for the
crop and livestock sectors. Results show that major factors influencing crop TFP are the
public investment in agricultural research, foreign research spillovers, infrastructure and
the world commodity boom. For the livestock sector, major factors are the public
research and the Bird Flu outbreak.

The determinants of TFP are not confined only to agricultural research, but also include
extension services, infrastructure, weather and case-specific factors, such as the
commodity boom and the Bird Flu outbreak. Other factors left unexplained are likely to
be due to measurement errors and unmeasured inputs. Degradation of environmental
and natural resources associated with agricultural production can be an unmeasured
negative input that has been ignored in this, as in most such studies.

where S| [1 wL / Q = share of labour income in the value of total output
SN [0 rN / Q = share of land income in the value of total output
SK [1iK / Q = share of capital income in the value of total output

Equation (5) indicates that output growth can be decomposed into the growth rate of the
efficiency level and the growth rate of labour, land and capital, weighted by their output
elasticities or factor income shares. The first component is the shift in the production
function (representing technical change) and the latter is the movement along the
production function (representing input growth and input substitution).
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The labour and land inputs are adjusted for their quality changes following the method
developed by Tinakorn and Sussangkarn (1996), which are suitable for Thai data. For
labour, the adjustment method accounts for the effect of qualitative changes in age, sex
and education. The land input used in crop production is adjusted by the effect of
irrigation, to account for multiple cropping.

The TFP Determinants Model

The TFP determinants model incorporates factors affecting the four main categories of
productivity changes discussed in the analytical framework section above: pure
technical change, efficiency gains, economies of scale and case-specific and natural
factors.

Our statistical analysis is based on a conceptual model in which the determinants of TFP
include agricultural research as well as other economic and non-economic factors such
as extension services, infrastructure and weather. Research lags are also incorporated,
as discussed below. Other explanatory variables are explored in accordance with their
potential connections with TFP in the Thai agriculture context. In stylized form, the model
is (with expected signs in parentheses):

TFP L 1(RP,E,I,RR,TO,W ,D¢,RT), 8

where TFP = total factor productivity,

RP (+)= real public agricultural research expenditure, E (+) = real public agricultural
extension expenditure, | (+) = infrastructure (rural roads and irrigation),

RR (+) = resource reallocation,

TO (+) = trade openness,

W (+) = weather or climate factor,

D¢ = case-specific dummy variable comprising:

Dboom (+) = dummy variable capturing the world agricultural commodity boom from

1972-1974,
Dblrd
2004,

R f (+) = international agricultural research spillovers.

Public agricultural research, within-country, is recognized as a prime potential source
of technical change that raises productivity and sustains output growth (Chang and
Zepeda, 2001; Ruttan, 1987). It increases the stock of knowledge, which either facilitates
the use of existing knowledge or generates new technology. Hence, an increase in
research expenditure within Thailand is expected to raise TFP.

(= dummy variable capturing the Avian Influenza outbreak took place in

Agricultural extension involves a dissemination of research results to farmers through
information distribution, training and demonstration. It may also indirectly influence the
agricultural research process by conveying feedback from farmers to researchers that
may improve future research. Effective agricultural extension should improve productivity.

Infrastructure is considered a fixed factor that contributes positively to agricultural
growth and productivity (Evenson and Pray, 1991; Evenson, 2001). It is typically not
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included among the conventional inputs in growth accounting and its effect on
agricultural growth is thereby captured in the residual TFP.

Resource reallocation can raise TFP at the aggregate level by allowing factors to
move from lower to higher marginal productivity sectors. For instance, movement of
labour from the agricultural sector to a higher productivity sector like manufacturing or
services can increase TFP growth in the overall economy (Jorgenson, 1988). Within a
sector, productivity growth can result from reallocation of resources among subsectors
and among commodities when their levels of TFP differ and this does not necessarily
require any new technology. Empirical evidence has shown that resource reallocation
contributes significantly to TFP growth in Thailand (Warr, 2006; Chandrachai et al.,
2004).
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